Introduction
Aminophosphines of the type PR 2 NHR' containing a direct polar P(III)eN bonds have received considerable attention in recent years as versatile ligands for transition metals [1] . They are accessible in large quantities through the use of relatively simple condensation processes from inexpensive starting materials, i.e., primary amines and PR 2 Cl compounds which contain dialkyl or diaryl substituents as well as achiral and chiral PeO and PeN containing phosphine units. Thus, variations of electronic, steric, and stereochemical parameters may be achieved in a very facile fashion. Due to their soft/ hard donor atoms as well their acidic NH hydrogen, these polyfunctional ligands exhibit numerous coordination modes as illustrated in Scheme 1. As middle and late transition metals M are concerned PR 2 NHR' ligands typically coordinate in k 1 (P)-fashion I
[2], while k 1 (N)-coordination is unknown. Upon deprotonation of the PR 2 NHR' ligands, anionic amidophosphines [PR 2 NR'] À are readily obtained which exhibit a higher affinity toward electropositive metals due to their increased nucleophilicity at the N-site. Thus, in conjunction with early transition metals M', amidophosphine ligands were shown to display k 2 (P,N) coordination II, and, albeit less common, also k 1 (N)-coordination III, while in the presence of both early and middle/late transition metals, amidophosphine ligands were shown to act as m 2 bridging ligand thereby forming heterobimetallic complexes of the type IV [3, 4] . Besides interesting structural features, PR 2 NHR' ligands display various reactivities opening up a range of synthetically useful transformations [5] . For instance, we have recently shown [6] that in vinylidene and allenylidene complexes [RuCp(PPh 2 NHR) 2 
found to react with terminal alkynes and diynes to give amido butadiene complexes involving PR 2 NHR' ligand migration (Scheme 3, B) [7, 8] . Bunten et al. reported [9] [11] .
In the present paper we report on the synthesis of iron(II) complexes containing aminophosphine ligands of the type PR 2 NHR' with R ¼ Ph, iPr, R 0 ¼ iPr, tBu, Cy. We describe the reactivity of these complexes yielding, upon treatment with strong bases, novel cyclic four-membered carboxamido-phospha-ferracycle formed via intramolecular addition of the amine moiety of the bifunctional aminophosphine ligand according to Scheme 4. [11] .
Results and discussion
Complex 1a adopts a typical three legged piano stool conformation with the C and P atoms of the C(]O)NiPr-PPh 2 moiety and the C atom of the CO ligand as the legs (Fig.1) . The Fe1eC(Cp) distance on average is 2.101(1) A. The iron carbon bond distances Fe1eC6 and Fe1eC7 are 1.739(1) and 1.981 (1) A, respectively, the latter being typical for an iron carbon single bond. Thus, also in agreement with the NMR and IR spectroscopic data, 1a is best described as a carboxamido complex (A) rather than an aminocarbene complex (B) (Scheme 7). The Fe1-P1 bond distance of 2.1773(3) A is typical for iron phosphine complexes but slightly shorter than Fe1eP1 ¼ 2.2223(4) A in the parent complex 2 (Fig. 2) Since acyl and carbamoyl ligands are typically nucleophilic at the carbonyl oxygen, i.e., resonance structure B may play a role, the reaction with carbon-based electrophiles may lead to aminocarbene complexes. It has to be kept in mind however that an electrophilic attack may occur also at the N atom of the carboxamido moiety resulting in PeN bond cleavage with concomitant Nalkylation.
Treatment of 1a with [Me 3 O]BF 4 (1 equiv) at room temperature for 4 h in CH 2 Cl 2 as the solvent results in the formation of the aza- Scheme 8) . This class of complexes belongs to a rare series of transition metal complexes in which the carbene moiety is part of a four-membered chelate ligand coordinated in a k 2 [2](C,P) mode [6, 7, 12] . On the other hand, protonation of 1a with the Brønsted acid [HNEt 3 ] þ led to clean formation of complex 2a in 95% isolated yield (Scheme 8). Selective N-protonation took place which was associated with CeN bond cleavage and reformation of the CO and Ph 2 PNHiPr ligands. In search of related iron systems where carboxamido-phosphacycles may also be formed via nucleophilic attack of a k 1 (P)-coordinated PR 2 NHR' ligand, we prepared complexes of the type cis,-trans,cis-[Fe(CO) 2 (Ph 2 PNHiPr) 2 (Br) 2 ] (4a) and cis,trans,cis-[Fe(CO) 2 (Ph 2 PNHtBu) 2 (Br) 2 ] (4b). These compounds were readily obtained as red, air stable solids by reacting cis-[Fe(CO) 4 (Br) 2 ] with 2 equivs of the respective PR 2 NHR' ligands in 85 and 88% yield (Scheme 9) in CH 2 Cl 2 at room temperature. In these complexes the CO and bromide ligands are in a mutual cis position, whereas the phosphine ligands are trans to one another. (C,P)-(C]O)eNiPr-PPh 2 )(Ph 2 PNHiPr)Br] (5a') in a roughly 5:1 ratio in 50% overall yield. In agreement with experimental data DFT/B3LYP calculations confirm that the isomer with a trans CO arrangement is slightly more stable by 2.5 kcal/mol (free energy) than the corresponding cis isomer. In the case of 4b only one isomer,
was formed in 40% yield (Scheme 9). These reactions again involve attack of the amido moiety of a deprotonated PR 2 NHR' ligand on coordinated CO. It has to be mentioned that the yields of 5a and 5b were independent of whether 1 or 2 equivs of KOtBu were used, i.e., , respectively. The scaled calculated frequencies n CO together with the experimentally observed values are given in Table 1 and show a reasonably good agreement. The molecular structure of complex 5a was determined by X-ray crystallography. A structural view is depicted in Fig. 3 with selected bond distances and angles reported in the caption. The geometry about the metal center is distorted octahedral with the two phosphorus and carbon atoms in trans position and the bromide and carbon atom of carboxamido moiety atoms in cis position (Fig. 3) . The C32eFe1eC33 bond angle is 170. 6(2) o . The chelate system Fe1e P1eN1e(C31]O1)eFe1 resembles closely in bond lengths and bond angles the corresponding system in complex 1a, except for the bond Fe1-P1, which is 2.1773(3) A in 1a while it is 2.2480(9) A in 5a due to the trans-influence of phosphorus P2 (Fe1eP2 ¼ 2.2651(9) A). The short intramolecular hydrogen bond N2eH2n•••O1 in 5a (N2•••O1 ¼ 2.839(4) A) has no effect on the bond angle Fe1-C31e O1 ¼134.2(2) as evident from the corresponding angle 133.8(1) o in complex 1a which lacks this interaction.
Conclusion
In the present study iron(II) complexes featuring one or two aminophosphine ligands of the type PR 2 NHR' with R ¼ Ph, iPr and R ¼ iPr, tBu, Cy were synthesized. We demonstrated that upon treatment of [FeCp(CO) (7), C20eN1eP1 125.14(10), N1 Br1 3.3854(13).
Scheme 7.
Resonance structures of complexes 1aec.
relatively rare type of transition metal complexes in which the carbene moiety is part of a four-membered chelate ligand coordinated in a k 2 (C,P) mode. In the presence of protons, the carboxamidophospha-ferracycle underwent clean CeN bond cleavage thereby reforming the starting complex [FeCp(CO) 2 (PR 2 NHR' 2 )] þ .
Experimental

General
All manipulations were performed under an inert atmosphere of argon by using Schlenk techniques. The solvents were purified according to standard procedures [14] 
Syntheses
[FeCp(CO)(k 2 (C,P)-(C]O)eNiPr-PPh 2 )] (1a)
A solution of PPh 2 NHiPr (300 mg, 1.23 mmol) in THF (20 mL) was cooled to À20 C and nBuLi (500 mL, 1.23 mmol, 2.5 M solution in n-hexane) was slowly added. The solution was stirred for 2 h at À20 C and an additional hour at room temperature. After that, [FeCp(CO) 2 Cl] (262 mg, 1.23 mmol) was added and the mixture was stirred for 8 h at room temperature. The solvent was then removed under reduced pressure. The residue was redissolved in toluene (10 mL) and the solution was filtered through Celite. After removal of the solvent under reduced pressure, an orange solid was obtained which was washed with n-pentane (10 mL) and dried under vacuum. Yield: 207 mg (40% , 7.49; N, 3.59. Found: C, 58.53; H, 7.40; N, 3. After stirring for 4h, insoluble materials were removed by filtration through Celite. On removal of the solvent, 2 was obtained as a yellow solid which was collected on a glass frit, washed with n-hexane, and dried under vacuum. Yield: 514 mg (95%).
cis,trans,cis-
To a solution of cis-[Fe(CO) 4 Br 2 ] (1.00 g, 3.05 mmol) in CH 2 Cl 2 (10 mL) Ph 2 PNHiPr (1.52 g, 6.25 mmol) was added at 0 C and the mixture was stirred overnight at room temperature. The solution was then filtered through Celite. After removal of the solvent under reduced pressure, an orange solid was obtained which was washed with diethyl ether (10 mL) and dried under vacuum. Yield: 1.96 g (85%). Anal. calcd for C 32 H 36 Br 2 FeN 2 O 2 P 2 : C, 50.69; H, 4.79; N, 3.69. Found: C, 50.72; H, 4.86; N, 3. , 5.13; N, 3.56. Found: C, 52.04; H, 5.20; N, 3.46. 1 H NMR (d, 20 C): 8.36 (bs, 8H, Ph), 7.48 (bs, 12H, Ph), 3.7 (bs, 2H, NH) A Schlenk tube was charged with 4a (400 mg, 0.53 mmol) and KOtBu (122 mg, 1.06 mmol). Under a CO atmosphere THF (10 mL) was added and the mixture was stirred overnight at room temperature. The red solution was then filtered through Celite and the solvent was removed under reduced pressure. The residue was redissolved in CH 2 Cl 2 . Insoluble materials were removed by filtration. After evaporation of the solvent in vacuo, a red solid was obtained which was washed with n-pentane (10 mL) and dried under vacuum. Yield: 185 mg (50%). Anal. calcd for C 33 H 35 BrFeN 2 O 3 P 2 : C, 56. 19; H, 5.00; N, 3.97. Found: C, 56.00; H, 5.12, N, 4 
X-ray structure determinations
Single crystals for X-ray diffraction were obtained as follows: The color of the crystals varied from orange to red brown. X-ray diffraction data were collected at T ¼ 100 K on a Bruker Kappa APEX-2 CCD diffractometer with an Oxford Cryosystems cooler using graphitemonochromatised Mo-Ka radiation (l ¼ 0.71073 A) and fine sliced 4-and u-scans covering complete spheres of the reciprocal space. After data integration with program SAINT corrections for absorption and detector effects were applied with the program SADABS [18] The structures were solved by direct methods (SHELXS97) and refined on F [2] with the program SHELXL97 [19] Non-hydrogen atoms were refined anisotropically. Most H atoms were placed in calculated positions and thereafter refined as riding. In (5a) Br was partly substituted by CO and vice versa (84% transand 16% in cis-dicarbonyl configuration), and the subordinately occupied sites were refined with distance and displacement parameter restraints. All crystal structures were checked with the program PLATON [20] Molecular graphics was generated with program MERCURY [21] Crystal data and experimental details are given in Table 2 . 
Computational details
Calculations were performed using the GAUSSIAN 09 software package [22] , and the B3LYP functional [23] without symmetry constraints. The optimized geometries were obtained with the Stuttgart/Dresden ECP (SDD) basis set [24] to describe the electrons of the iron atom. For all other atoms the 6e31g** basis set was employed [25] . Frequency calculations were performed to confirm the nature of the stationary points. A scaling factor of 0.9521 was applied for the CO frequencies [26] .
